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wherein Z is an oxygen atom; one of R and R 1 is a group of the formula 




wherein R 3 is lower alkyl, amino or lower alkylamino, and R4, R 5 , Re and R 7 are th same or different and each is hydro- 
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gen atom, halogen atom, lower alkyl, lower alkoxy, trifluoromethyl, hydroxy or amino, provided that at least one of R 4 , 
R 5 , R$ and R 7 is not hydrogen atom, and the other is an optionally substituted cydoalkyl, an optionally substituted het- 
erocyclic group or an optionally substituted aryl; and R 2 is a lower alkyl or a halogenated lower alkyl, and a pharmaceu- 
tically acceptable salt thereof. The heterocyclic aromatic oxazole compound and pharmaceutically acceptable salts 
thereof have antipyretic action, analgesic action, anti-inflammatory action, and particularly, selective inhibitory action on 
cycloQxygenase-2 (COX-2), and are expected to be useful as anti-inflammatory agents with less side-effects such as 
digestive tract disorders. 
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Description 

Technical Field 

5 The present invention relates to novel heterocyclic aromatic oxazole compounds. More particularly, the present 
invention relates to heterocyclic aromatic oxazole compounds having antipyretic activity, analgesic activity, anti-inflam- 
matory activity, and in particular, selective inhfoitory activity against cyclooxygenase-2 (COX-2), pharmaceutical^ 
acceptable salts thereof, intermediates for producing them and pharmaceuticals useful as anti-inflammatory agents 
causing less side-effects such as disorders in the digestive tract, which comprise these heterocyclic aromatic oxazole 

10 compounds. 

B a ck g r ound Art 

It has been conventionally known that arachidonic acid metabolites, prostaglandin E 2 (PGE 2 ), prostaglandin l 2 
is (PGI2) and thromboxane B 2 (TXB2) are deeply involved in inflammations. An important enzyme in this arachidonic acid 
metabolism is cyclooxygenase. Cyclooxygenase is a synthase which produces prostaglandin H 2 (PGH^ from arachi- 
donic acid via prostaglandin G 2 (PGG2). and includes cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2). 

With respect to COX-1 , cDNA cloning was performed in 1 988 and its primary structure and induction by various fac- 
tors have been clarified [Yokoyama. C. et al.: Biochem. Biophys. Res. Ccmmun., 165: 888-894 (1989); Smith, W. L et 
20 al.: Biochim. Biophys. Acta, 1083: M7 (1991); DeWrtt, D. L: Biochim. Biophys. Acta, 1083: 121-134 (1991)]. On the 
other hand, the existence of an isozyme of COX-1, namely, COX-2, was suggested in 1989 [Holtzman, M. J. et al.: J. 
Biol. Chem., 267: 21438-21445 (1992)], and cDNAs of COX-2 of chicken, mouse and human have been cloned since 
1991 [Xie, W. et al.: Proc. Natl. Acad. Sci. USA, 88: 2692-2696 (1991); Kujubu, D. A. etal.: J. Biol. Chem., 266: 12866- 
12872 (1991); Hla, T. et al.: Proc. Natl. Acad. Sci. USA, 89: 7384-7388 (1992)]. COX-2 is quickly induced by phorbol 
25 ester, lipopolysaccharide (LPS) and the like, and the relationship with inflammation and bronchial asthma has been 
inferred. 

COX-1 systemically and constantly exists in almost all cells and is physiologically concerned with the generation of 
prostaglandin (PG) necessary for the functions of, for example, stomach and kidney. Therefore, when COX-1 is inhib- 
ited, the biosynthesis of PG by vasodilate PGE 2 and PGI 2 , which protect gastric mucosa, is suppressed, and the pro- 
30 tective action on the gastric mucosa becomes degraded, as a result of which ulcer is caused. With regard to a symptom 
associated with a decrease in renal blood flow, in general terms, the renal blood flow can be increased by promoting 
the production of vasodilative PGE 2 in the body, thereby to appropriately maintain glomerular filtration rate. However, if 
the production of such vasodilative PG is suppressed due to the inhibition of COX-1 , the renal blood flow becomes less, 
so that a side-effect such as the onset of ischemic acute renal insufficiency is sometimes caused. 
35 On the other hand, COX-2 exists in particular sites such as monocytes, synovial cells, granulosa cells and intrave- 
nous endothelial cells, and is topically expressed when inflammation is caused. It is therefore considered that PG gen- 
erated by COX-2 is deeply concerned with inflammation and tissue disorders. 

Currently, non-steroidal anti-inflammatory drugs (NSAID) such as aspirin, mefenamic acid, diclofenac, indometh- 
acin, ibuprofen and naproxen have been widely used in clinical situations. Most of these NSAIDs are anti-inflammatory 
40 drugs which selectively inhibit cyclooxygenase (COX) and are associated with side-effects such as disorders in the 
digestive trad Such side-effects are considered to be caused by the fact that they, though certainly selectively inhibit 
COX, inhibit both COX-1 and COX-2. 

It follows therefrom that selective inhibition, without inhibition of COX-1, of solely COX-2 which is specifically 
induced at the inflammatory sites, would enable provision of a superior anti-inflammatory drug free of side-effects such 
46 as disorders in the digestive tract (e.g., ulcer). 

There are various reports on anti-inflammatory drugs having selective COX-2 inhibitory activity, which aim at reduc- 
ing side-effects such as disorders in the digestive tract 

For example, W094/15932 discloses, as COX-2 inhibitors, 5-membered heterocyclic compounds substituted by 
bisaryl, such as thiophene. furan and pyrrole, which are specifically exemplified by 3-(4-methylsulfonytphenyl)-4-(4- 
so fluorophenyQthiophene However, this publication merely shows a 5-membered heterocyclic compound such as thi- 
ophene having aryl or heteroaryl at the 3-position or 4-pos'rtion. 

Moreover, various reports deal with anti-inflammatory drugs having cyclooxygenase-inhibitory action, prostaglan- 
din synthesis-inhibitory action or thromboxane A 2 synthesis-inhibitory action. 

For example, Japanese Patent Unexamined Publication No. 141261/1991 discloses pyrazole derivatives such as 
55 ethyl 1-(44luoropheny0-5-[4-(methylsulfonyl)phenyl]pyrazole-3-carbox^ Japanese Patent Unexamined Publication 
No. 183767/1982 discloses thiazole derivatives such as 2-methylthio-5-phenyl-4-(3-pyridyl)thiazole; and Japanese Pat- 
ent Unexamined Publication No. 58981/1985 discloses thiazole derivatives such as 2-ethyl-4-(4-methoxyphenyl)-5-(3- 
pyridyl)-1 ,3-thiazole. These publications mention that they are useful as anti-inflammatory drugs, whereas they do not 
disclose if they have selective inhibitory action on COX-2 to reduce side-effects, or any suggestion of it 
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There are other reports on the following heterocyclic aromatic compounds. 

For example, US Patent No. 4632930 discloses oxazole compounds such as 5-cyclohexyl-4-(4-metriylsuffonylphe- 
nyi)-a,a-bis(trifluoromethyl)oxazo!e-2-methanol. Yet, the compounds disclosed theran are effective for hypertension 
and their usefulness as anti-inflammatory drugs or any suggestion to that effect are not included. 

Japanese Patent Application under PCT laid-open under Kohyo No. 500054/1984 disci ses oxazole derivatives 
having heteroaryl or carbon ring aryl at the 4-posrtion or 5-position of oxazole ring and having carboxy, ester or amidized 
carboxy via lower alkylene at the 2-position thereof, such as ethyl 2-[4-phenyl-5-(3-pyridyl)-oxazol-2-yf]-propionate; and 
Japanese Patent Application under PCT laid-open under Kohyo No. 500055/1984 discloses imidazole derivatives hav- 
ing heteroaryl and/or carbon ring aryl at the 4-posrtion or 5-position of imidazole ring and having fbrmyl or acetalized 
formyl via lower alkylene at the 2-position thereof, such as 2-{4-pheny)-5-(3-pyridyf)-imidazol-2-yl]-acetaldehyde dime- 
thyl acetal. These publications teach that these compounds are effective as dermal antiphlogistic or mucosal antiphlo- 
gistic for inflammatory dermal diseases, but do not teach or even suggest that they have selective inhibitory action on 
COX-2. 

Japanese Patent Unexamined Publication No. 70446/1993 discloses N-thiazolylsuKbnamide derivatives such as N- 
[5<ydohexyl-4-(4-methoxyphenyl)thi^ and Japanese Patent Unexamined Publi- 

cation No. 83372/1990 discloses cyclohexylimidazole derivatives such as 4-cydohexy1-5-phenyl-2-t-butyl-imidazole. 
These publications only exemplify cyclohexyl as a substituent and include no suggestion as to the substitution with phe- 
nyl substituted by aminosuffonyf, lower alkylaminosulfbnyl or lower alkylsulfonyl. 

WO94/27980 discloses oxazole compounds such as 2-phenyl-4^clohexyl-5-(4-methylsulf6nylphenyOQxazole as 
COX-2 inhibitors. However, the compounds described in this publication are mainly characterized by 4-f luorophenyl and 
4-methylsulfbnylphenyl at the 4-position and 5-position of oxazole ring, and do not suggest the compounds having spe- 
cific substituents in combination, as in the present invention. 

Not only in COX-2 inhibitors but also in the field of anti-inflammatory drugs, preferable phenyl substituent for 5- 
membered heterocyclic ring skeleton has been conventionally considered to be monosubstituted phenyl such as 4- 
methylsulfonylphenyl and 4-methoxyphenyl, and di-substituted phenyl has been barely tried (e.g., UK Patent No. 
1206403). 

Disclosure of the Invention 

The present inventors have intensively studied with the aim of providing a novel compound having antipyretic activ- 
ity, analgesic activity and anti-inflammatory activity, which is free of side-effects such as disorders in the digestive tract. 
Surprisingly, they have found that a compound having a secondary substituent such as halogen atom, in particular, flu- 
orine atom, introduced into phenyl such as 4-lower alkylsulfonylphenyl, 4-aminosulfbnylphenyl or 4-lower alkyiamino- 
suKbnylphenyl, as a substituent for oxazole, has superior selective inhibitory action on COX-2, which resulted in the 
completion of the present invention. 

That is, the present invention relates to heterocyclic aromatic oxazole compounds as shown in the following (1) to 
(21), pharmaceutically acceptable salts thereof, intermediate compounds for producing such compounds and pharma- 
ceutical compositions comprising such heterocyclic aromatic oxazole compound. 

(1) Heterocyclic aromatic oxazole compounds of the formula (I) 





wherein 



Z is an oxygen atom; 
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one of R and Rj is a group of the formula 



10 



Ra-S0 2 




15 



wherein R 3 is lower alkyl, amino or lower alkyiamino, and R 4 , R 5 , R$ and R 7 are the same or different and 
each is hydrogen atom, halogen atom, lower alkyl, lower alkaxy, tnfluoromethyl, hydroxy or amino, provided that at 
least one of R4, R 5 , Re and R7 is not hydrogen atom, and the other is optionally substituted cycloalkyl. optionally 
substituted heterocyclic group or optionally substituted aryl; and 



20 



R 2 is a lower alkyl or a halogenated lower alkyl, and pharmaceutically acceptable salts thereof. 
(2) Heterocyclic aromatic oxazole compounds of the above (1), wherein R 1 is a group of the formula 



25 



30 



R,'-S02 




35 



40 



wherein R 3 * is lower alkyl or amino, at least one of R 4 ', R 5 \ Rg' and R 7 ' is halogen atom or lower alkyl and the rest 

is hydrogen atom or halogen atom, and pharmaceutically acceptable salts thereof. 

(3) Heterocyclic aromatic oxazole compounds of the above (1), wherein R-i is a group of the formula 



R3 M -S0 2 




45 wherein R3" is methyl or amino, R 5 " is fluorine atom and Rg" is hydrogen atom or fluorine atom, and R 2 is methyl, 
and 

pharmaceutically acceptable salts thereof. 

(4) Heterocyclic aromatic oxazole compounds of the above (1), wherein R1 is a group of the formula 



50 



55 



Rj"-SO z 




wherein R 3 ", R 5 " and Rg" are as defined in the above (3); R is optionally substituted cycloalkyl having 5 to 7 carbon 
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atoms, optionally substituted thienyl, optionally substituted furyl, optionally substituted pyrrolyl, optionally substi- 
tuted mcrpholino, optionally substituted piperazinyl, optionally substituted piperidyl, optionally substituted phenyl, 
optionally substituted naphthyi or optionally substituted biphenyl, and R 2 is methyl, and pharmaceutically accepta- 
ble salts thereof. 

(5) Heterocyclic aromatic oxazole compounds of the above (4), wherein R 3 " is amino, and pharmaceutically accept- 
able salts thereof. 

(6) Heterocyclic aromatic oxazole compounds of the above (4), wherein R is optionally substituted cycloalkyl having 
5 to 7 carbon atoms, optionally substituted phenyl or optionally substituted thienyl, and pharmaceutically accepta- 
ble salts thereof. 

(7) Heterocyclic aromatic oxazole compounds of the above (4), wherein R is cyclohexyl or 4-f luorophenyl, and Ri 
is 4-aminosuIfonyl-3-fluorophenyl, 4-aminosulfonyi-3.5-difluorophenyl i 3-fluoro-4-methylsuIfonylphenyl or 3.5-dif- 
luoro-4-methylsu!fonylphenyl, and pharmaceutically acceptable salts thereof. 

(8) Heterocyclic aromatic oxazole compounds of the above (1), which are selected from the group of: 

4- <^clohexyl-5-(3-fliioro-4-methy!sulfonylphenyl)-2-methylQxazole, 

5- (4-aminosulfonyl-3-fluorophenyl)-4-cyclohexyl-2-methyioxazole f 
5-(4-aminosulfony1-3,5-drfluorophenyl)-4-cyclohexyl-2-methyloxa2ole F 

4- cyclohexyi-5<3,5-difluoro^methylsufo^ 
and 

5- (4-aminosulfonyl-3-fluorophenyl)-4-(4-fluorophenyl)-2-methyloxazole, 
and pharmaceutically acceptable salts thereof. 

(9) Oxime compounds of the following formula (XV) 



(XT) 




wherein Ri" is 




wherein R 4 , R 5 , Rg and R 7 are as defined in the above (1), and R" is optionally substituted cycloalkyl or optionally 
substituted aryL 

(10) Oxime compounds of the above (9) wherein R^' is 3-fluorophenyl or 3,5-dHluorophenyl, and R" is cyclohexyl 
or 4-f luorophenyl. 

(1 1) Ketone compounds of the following formula (IV") 



(IV") 




wherein R^' and R" are respectively as defined in the above (9). 

(12) Ketone compounds of the above (11) wherein FV is 3-fluorophenyl or 3,5-drfluorophenyl, and R" is cyclohexyl 
or 4-f luorophenyl. 
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(13) Ketomethylene compounds of the following formula (INT) 




(IV IM ) 



wherein R'" is optionally substituted cycloalkyl having 5 to 7 carbon atoms, optionally substituted phenyl or option- 
ally substituted thienyl, and FV' is a groip of the formula 




wherein R 3 ', R 4 \ R 5 ' ( Rg' and R 7 ' are as defined in the above (2). 

(14) Ketomethylene compounds of the above (13) wherein R'" is cyclohexyi, and R{" is 4-aminosuIfonyl-3-fluoroph- 
enyl, 4-aminosulfonyl-3,5-difluorophenyl, 3-f luoro-4-methylsulfonylpheny! or 3,5-drfluoro-4-methylsuHonylphenyl. 

(15) Ester compounds of the following formula (V) 



0 




0 



wherein R, R 1 , R 2 and Z are as defined in the above (1). 

(16) Ester compounds of the above (15) wherein R is cycloalkyl and R 2 is lower alkyl. 

(17) Amide compounds of the following formula (XVIII') 




wherein R^ and R" are respectively as defined in the above (9), and Z and R 2 are as defined in the above (1). 

(18) Amide compounds of the above (17) wherein R^' is 3-f luorophenyl or 3,5-difluorophenyl, R" is cyclohexyi or 4- 
fluorophenyl, and R 2 is lower alkyl. 

(19) Pharmaceutical compositions comprising a pharmaceutical^ acceptable carrier, and a heterocyclic aromatic 
oxazole compound of the above (1) or a pharmaceutical^ acceptable salt thereof. 

(20) CycloGxygenase-2 inhtoitors comprising a pharmaceutical^ acceptable carrier, and a heterocyclic aromatic 
oxazole compound of the above (1 ) or a pharmaceutical^ acceptabl salt there f as an active ingredient. 

(21) Anti-inflammatory agents comprising a pharmaceutical^ acceptable carrier, and a heterocyclic aromatic oxa- 
zole compound of the above (1) or a pharmaceutical^ acceptable salt thereof as an active ingredient. 
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As used herein, lower alkyl means an optionally branched alkyl having 1 to 4 carbon atoms, which is exemplified 
by methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl and tert-butyl, with preference given to methyl. 

Lower alkylamino is that wherein amino group is substituted by the above-mentioned lower alkyl, and is exemplified 
by methylamino, dimethylamino^ ethylamino, diethylamino, propylamine isopropylamino, butylamino, isobutylamino, 
sec-butylamino and tert-butylamino. Preferred are methylamino and dimethylamino. 

Halogen atom means chlorine atom, bromine atom, fluorine atom and the like, with preference given to chlorine 
atom and fluorine atom. Particularly preferred is fluorine atom. 

Lower alkaxy is an optionally branched alkoxy having 1 to 4 carbon atoms, which is exemplified by methoxy, ethoxy, 
propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy and tert-butoxy, with preference given to methoxy. 

Cycloalkyl means a cycloalkyi having 3 to 8 carbon atoms, which is exemplified by cyclopropyl, cyclobutyl, 
cydopentyl, cyclohexyl, cycloheptyl and cyclooctyl, wfth preference given to cycloalkyl having 5 to 7 carbon atoms, such 
as cydopentyl, cydohexyl and cycloheptyl. Particularly preferred is cydohexyl. 

Heterocyclic group is a 5- or 6-membered aromatic heterocyclic ring, saturated heterocyclic ring or condensed het- 
erocyclic ring of these heterocyclic rings and benzene ring, all having, besides carbon atom, 1 to 3 hetero atoms 
selected from nitrogen atom, oxygen atom and sulfur atom as atom(s) constituting the ring. Examples thereof include 
thienyl, furyl, pyrrolyl, tmidazolyl, pyrazolyl, thiazolyl. isothiazolyl, oxazolyl, isoxazolyl, morpholino, piperazinyl, piper idyl, 
pyranyl. thiopyranyl, pyridyl, benzothienyl, benzofuranyl, indole, 4,5,6,7-tetrahydroindoie, 4,5,6.7-tetrahydrobenzoth- 
ienyl and 4,5,6,7-tetrahydrcbenzofuranyl, with preference given to thienyl, furyl, pyrrolyl, morpholino, piperazinyl and 
piperidyl, and particular preference given to thienyl. 

Aryl is, for example, phenyl, naphthyl or biphenyl. Preferred is phenyl. 

Halogenated lower alkyl is that wherein lower alkyl is substituted by the above-mentioned halogen atom, and is 
exemplified by fluoromethyl, chloromethyl, bromomethyl, iodomethyl, difluoromethyl, dichloromethyl, tr'rfluoromethyi, 
trichloromethyl, fluoroethyl, chloroethyt, difluoroethyl, dichloroethyl, trifluoroethyl, trichloroethyl, tetrachloroethyl, pen- 
tafluoroethyl and fluoropropoyl, with preference given to fluoromethyl, chloromethyl, dichloromethyl, difluoromethyl, 
trichloromethyl and trrfluorom ethyl. 

"Optionally substituted" means that the group may be substituted by 1 to 3 substituents wherein said substituents 
may be the same or different. The position of the substituents is optional and is not particularly limited. Specific exam- 
ples indude lower alkyl such as methyl, ethyl, propyl, isopropyl, butyl and tert-butyl; hydroxy; lower alkoxy such as meth- 
oxy, ethoxy, propoxy and butoxy; halogen atom such as fluorine, chlorine and bromine; nrtro; cyano; acyl such as formyl, 
acetyl and propionyl; acyloxy such as formyloxy, acetyloxy and propionyloxy; mercapto; alkylthio such as methylthio, 
ethylthio, propylthio, butytthio and tsobutylthio; amino; alkylamino such as methylamino, ethylamino, propylamino and 
butylamino; dialkylamino such as dimethylamino, diethylamino, dipropylamino and dibutylamino; carbonyl; alkoxycarb- 
onyl such as methoxycarbonyl, ethoxycarbonyl and propoxycarbonyl; amide; trrfluoromethyl; alkylsulfonyl such as 
methylsuffonyl and ethanesulfonyl; aminosulfonyl; cycloalkyl such as cydopentyl and cyclohexyl; phenyl; and acylamide 
such as acetamide and propionylamide. Preferred are hydroxy, lower alkyl, lower alkoxy, mercapto, lower alkylthio, hal- 
ogen atom, trifluoromethyl, alkylcarbonyl, alkoxycarbonyl and acylamide. 

More specifically, optionally substituted aryl means an aryl which may be substituted by halogen atom, hydroxy, 
lower alkyl, lower alkoxy, lower alkylsulfonyl and aminosulfonyl, particularly phenyl, and is exemplified by phenyl, fluor- 
ophenyl, methylphenyl, methoxyphenyl, methylsuffonytphenyl and aminosulfonylphenyl, with preference given to phenyl 
and 4-fluorophenyl. 

Optionally substituted heterocyclic group means a heterocyclic group which may be substituted by halogen atom, 
hydroxy, lower alkyl, lower alkoxy, lower alkylsulfonyl and aminosulfonyl, and particularly means thienyl, furyl, 5-methyl- 
thienyl and 5-chlorothienyl. Optionally substituted cycloalkyl means a cycloalkyl which may be substituted by the same 
substituents as above, with preference given to cydohexyl. 

Examples of preferable R of the heterocyclic aromatic oxazole compounds of the present invention indude 
cydohexyl, 4-fluorophenyl and 5-chlorothienyl, with particular preference given to cydohexyl. Preferred as R<| is a group 
of the formula 




R« 

wherein R 3 , R 4 , R 5 , R € and R 7 are as defined above, with particular preference given to a group wherein R 3 is amino 
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or methyl, R4 and R7 are hydrogen atoms and at least one of R 5 and Re is fluorine atom. Specific examples include 4- 
aminosuffonyl-3-fluorophenyl, 3-fluoro-4-methyisulfony1phenyl, 4-aminosulfonyl-3,5-difluorophenyl and 3,5-d'rftuoro-4- 
methylsulfonylphenyi, with particular preference given to 4-arninosulfonyl-3-fluoropheny1. Preferred as R 2 is methyl. 
Pharmaceutically acceptable salt may be any as long as it forms a non-toxic salt with the oxazole derivative of the 

5 formula (I). Alkali metal salts such as sodium salt and potassium salt, alkaline earth metal salts such as magnesium salt 
and calcium salt, ammonium salt organic base salts such astrimethylamine salt, triethylamine salt pyridine salt, pico- 
line salt, dicyclohexytamine salt and N.N'-cfibenzylethylenediamine salt, and amino acid salts such as lysine salt and 
arginine salt are among the examples. It may be a hydrate as the case demands. 

The compound of the present invention has particularly superior selective inhibitory action on COX-2 and is 

10 expected to make a therapeutic drug useful for antipyresis, pain relief and anti-inflammation, which is free of side-effects 
such as digestive tract disorders. 

When the compound of the formula (I) of the present invention or a pharmaceutically acceptable salt thereof is used 
as a pharmaceutical preparation, it is generally admixed with pharmacologically acceptable carriers, excipients, dilu- 
ents, extenders, disintegrators, stabilizers, preservatives, buffers, emulsifying agents, aromatics, colorings, sweeteners, 

15 thickeners, flavorings, solubilizers and other additives known perse, such as water, vegetable oil, alcohol such as eth- 
anol and benzyl alcohol, polyethylene glycol, glycerol triacetate gelatin, carbohydrates such as lactose and starch, 
magnesium stearate, talc, lanolin and petrolatum, and formulated into, by a conventional method, tablets, pills, powders, 
granules, suppositories, injections, eye drops, liquids, capsules, troches, aerosols, elixirs, suspensions, emulsions, syr- 
ups and the like, which can be administered orally or parenteral!* 

20 While the dose varies depending on the kind and severity of the disease, compound to be administered, adminis- 
tration route, and age, sex, body weight etc. of patients, 0.1 mg - 1,000 mg, particularly 1 mg - 300 mg of compound (0 
is generally administered orally to an adult per day. 

The compounds of the present invention can be produced, for example, by the following methods. It is needless to 
say that the method for producing the compounds of the present invention is not limited to these methods. 

25 



30 



35 



40 



46 



SO 




wherein is lower alkyl or halogenated lower alkyl wherein R 2 * may be the same with or different from X and X' 
are the same or different and each is halogen atom such as bromine atom and chlorine atom, X 1 is halogen atom or 
55 hydroxy, X^ is halogen atom or hydroxy or alkali metal derivative thereof, and R, R 1( R 2 and Z are as defined above. 
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S tepl 

Compound (IV) can be synthesized by reacting compound (If) with compound (III) in the presence of a metal such 
as zinc and magnesium in an inert solvent such as 1 ,2-dimethoxyethane, dioxane, ether, tetrahydrofuran, methylene 
chloride, benzene and toluene at room temperature. In this case, a catalyst such as palladium(O) complex and cop- 
per(l) complex may be added. 

Step 2 

Compound (V) can be synthesized by reacting compound (IV) in acetic acid solvent in the presence of lead tetraa- 
cetate, or by refluxing compound (IV) under heating in the presence of a complex such as manganese acetate, in lower 
alkanecarboxylic acid such as acetic acid and propionic acid corresponding to Ft 2 CO OH wherein R 2 is as defined above 
and benzoic acid and a solvent such as benzene as necessary. 

Step 3 

Compound (0 can be synthesized by refluxing compound (V) under heating in the presence of ammonium salt 
(e.g., lower alkanecarboxylic acid ammonium such as ammonium acetate and ammonium formate), and inorganic 
ammonium such as ammonium carbonate in an acidic solvent such as lower alkanecarboxylic acid (e.g., formic add, 
acetic acid and propionic acid). In this reaction, when R or R t is aromatic heterocycle, isomers may be produced 
wherein the 4-position R and the 5-posrtion R 1 are reversed. 

Compound (I) can be also synthesized by the following route. 

Step 4 wherein Xi is hydroxy 

This step, Step 6 and Step 7 are advantageous when R 2 (e.g., methyl) is converted to other R 2 (e.g., R^ such as 
ethyl). 

When X 1 is hydroxy, compound (VI) can be synthesized by reacting compound (V) in the presence of a base such 
as potassium carbonate, lithium hydroxide, sodium hydroxide and potassium hydroxide in an organic solvent such as 
methanol, ethanol and dioxane, water or a mixed solvent thereof from under cooling to under heating. 

Compound (VI) can be also synthesized by the following Step 5. 

Step 5 wherein X 1 is halogen fifth! pr hydroxy 

Compound (VI) can be synthesized by reacting compound (IV) in the presence of a halogenating agent such as 
bromine, chlorine and N-bromosuccinimide in an inert solvent such as acetic acid, 1 ,2-dimethoxyethane, dioxane, 
ether, tetrahydrofuran, methylene chloride, benzene and toluene to give compound (VI) wherein Xj is halogen atom. 
Compound (VQ wherein X 1 is hydroxy can be synthesized by oxidizing compound (IV) with an oxidizing agent such as 
benzene iodoacetate, or by treating the halogenated compound (VI) obtained above with water in an inert solvent such 
as acetone, 1 ,2-dimethoxyethane, dioxane, ether, tetrahydrofuran, benzene and toluene. 

Step 6 

Compound (V) can be obtained by reacting compound (VI) and compound (VII') by a known method. Specifically, 
compound (VI) wherein X 1 is hydroxy and compound (VII) wherein X t ' is halogen atom, or compound (VI) wherein 
is halogen atom and compound (VII*) wherein X^ is hydroxy are reacted in pyridine, or in the presence of a base such 
as triethylamine and sodium hydroxide, in an organic solvent such as methylene chloride, chloroform and ethanol, from 
under cooling to under heating. When X 1 is halogen atom, alkali metal salt such as sodium acetate may be used instead 
of carboxylic acid compound (VI I*). In this case, a base may or may not be added. 

Steo 7 

Compound (I*) can be obtained by treating compound (V) in the same manner as in Step 3. 

When a compound wherein either R or R 1 is 4-aminosutfonyl-3-fluorophenyl is desired, the compound can be pro- 
duced from a compound having 3-f luoro-4-methylsulfonyiphenyl corresponding to the objective compound by a known 
method. 
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Instead of obtaining compound (IV) using, as mentioned above, compound (If) or (HQ having, as R or R 1t 

R» 



10 



15 



20 



25 



30 



35 



40 




wherein R3, R 4 , R 5 , Re and R 7 are as defined above, compound or (\\Y) having 

R» 

Rs 




wherein R4, R 5 , Rg and R 7 are as defined above, may be used as a starting material to give compound (IV) according 
to Step 10, which compound is then converted to aminosulfonyl or methylsulfonyl according to the method of Step 15 
to give compound (IV). Alternatively, such starting materials (IP) and (III 1 ) may he used to give a non-sulfonylated oxa- 
zole compound (XIII) corresponding to the ultimate compound (I) or (I') according to Step 1 to Step 7, and the obtained 
compound (XIII) may be subjected to sulfonylation in the same manner as in Step 15 to give the objective compound (I) 
or (I 1 ). 

When a compound wherein either R or R 1 is phenyl substituted by alkylaminosulfonyl or aminosulfonyl is desired, 
compound (X) wherein dither Rg or Rg is methoxysulfonylphenyl is subjected to the following Step 8 and Step 9 to syn- 
thesize compound (IV). 



R 8 X 

(vm) 



o 

Rs X' 
(IX) 



Step 8 R 9 



(X) 



Step 9 



(IV) 



45 wherein either R 8 or R9 is methoxysulfonylphenyl of the formula 



so 



ss 



MeO-S0 2 




wherein R 4 , R 5> Rg and R 7 ar as defined above, and the other is optionally substituted cycloalkyl, optionally substituted 
heterocyclic group or optionally substituted aryl, and R, R 1t X and X* are as defined above. 
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Step 8 

Compound (X) can be synthesized in the same manner as in Step 1, using compound (VIII) and compound (IX). 
S te p? 

When at least one of R and Rj is phenyl having aminosulfbnyl or alkylsulfbnyl at the 4-position, compound (IV) can 
be synthesized by heating compound (X) in pyridine, or refluxing compound (X) under heating in the presence of 
sodium iodide, potassium iodide, lithium iodide and the like, in an organic solvent such as acetone and tetrahydrofuran, 
after which the obtained compound is reacted with thionyl chloride or oxalyl chloride under heating. Then, the resulting 
product is aminated or alkylaminated or alkylated by a known method. More specifically, amination or anamination is 
carried out by reacting the resulting product in the presence of aqueous ammonia or alkylamine, or a base such as 
sodium acetate and ammonium salt such as alkylamine hydrochloride, in an organic solvent such as tetrahydrofuran, 
ether, toluene, benzene, methylene chloride and dioxane from under cooling to under heating. The alkylation can be 
carried out by the method descrfoed in J. Org. Chem., 56: 4974-4976 (1 991). 

Compound (I) can be also synthesized by the method of the following Step 10 to Step 15. 

This method is directed to finally introducing suKonyl group in the last Step 15. 




wherein either R' or is phenyl of the formula 




wherein R 4 , R 5 , Re and R 7 are as defined above, and the other is a group corresponding to one of R and R 1 , cycloalkyl 
which may be substituted by a 6ubstituent such as lower alkyl, heterocyclic group such as thienyl and furyl, which may 
be substituted by a substrtuent lower alkyl or halogen atom, or aryl which may be substituted by a substrtuent such as 
halogen atom, lower alkyl and lower alkoxy, and R, R 1 , X, X' and Z are as defined above. 

Step 10 

Compound (IV) can be synthesized in th same manner as in Step 1 , wherein compound (ll*) and compound (III') 
are reacted in the presence of a metal such as zinc and magnesium in an inert solvent such as 1 ,2<0methoxyethane p 



12 



EP 0 745 596 A1 



dioxane, ether, tetrahydrofuran, methylene chloride, benzene and toluene at room temperature. In this case, a catalyst 
such as palladium(O) complex and copper(l) iodide complex may be added. 

Step 11 

Compound (XI) can be synthesized by refluxing under heating compound (IV) and hydroxylammine hydrochloride 
in the presence of a base such as sodium acetate, sodium hydroxide and potassium carbonate in an organic solvent 
such as methanol, ethanol and tetrahydrofuran, water or a mixed solvent thereof. 

Step 12 

Compound (XII) can be synthesized by reacting compound (XI) in the presence of an acylating agent such as ace- 
tic anhydride and acetyl chloride, in pyridine, or in the presence of a base such as triethylamine in an organic solvent 
such as methylene chloride and chloroform from under cooling to under heating. 

Step 13 

Compound (XIII) can be synthesized by refluxing under heating compound (XII) in an acidic solvent such as formic 
add and acetic acid. In this case, a dehydrating agent such as magnesium sulfate and sodium sulfate may be added. 

Step 14 

This step is for the synthesis of compound (XIII) from compound (XI) in a single step, and compound (XIII) can be 
synthesized from compound (XI) and carboxylic acid chloride such as acetyl chloride by the method described in Indian 
J. Chem., 20B: 322-323 (1 981 ). When R 2 is methyl, compound (XIII) can be synthesized by reacting compound (XI) and 
acetic anhydride while heating in acetic acid. 

Step 15 

Compound (I) can be synthesized by reacting compound (XIII) in the presence of a chlorosutfbnylating agent such 
as chlorosulfonic acid in an organic solvent such as chloroform and methylene chloride, or without solvent, and subject- 
ing the resulting product to amination, alkylamination or alkylation by a known method. The amination and alkylamina- 
tion in Step 15 specifically comprise reacting in the presence of aqueous ammonia, alkylamine or a base such as 
sodium acetate and ammonium salt such as alkylamine hydrochloride in an organic solvent such as tetrahydrofuran, 
ether, toluene, benzene, methylene chloride and dioxane from under cooling to under heating. When alkylsulfonation is 
carried out the method described in J. Org. Chem., 56: 4974-4976 (1991) can be used for the synthesis. 

In the above description, alkylsulfonation or aminosulfonation in the final Step 15 has been exemplarily discussed. 
It is possible to use compound (II) and compound (HQ instead of the starting materials (II*) and (III*) to give compound 
(IV), which is followed by Step 1 1 to Step 14 to give an oxazole compound (I). In this case. Step 1 5 is not necessary. 

Compound (XIII) used in Step 15 can be also synthesized by the following route. 




(V") Y 
o 

wherein R', FV, R2 and Z are as defined above. 
Step 16 

Compound (V") can be synthesized in the same manner as in Step 2 wherein compound (IV) is reacted in the pres- 
ence of lead tetraacetate in acetic acid solvent, or by heating compound (IV) in the presence of a complex such as man- 
ganese acetate in lower alkanecarboxylic acid such as acetic acid and propionic acid corresponding to R2COOH 
wherein R2 is as defined above, and benzoic acid and in a solvent such as benzene as necessary. 



13 



EP 0 745 596 A1 



Step 17 

Compound (XIII) can be synthesized in the same manner as in Step 3 wherein compound (V") is refluxed under 
heating in the presence of ammonium salt such as lower alkanecarboxylic acid ammonium (e.g., ammonium acetate 
and ammonium formate) and inorganic ammonium (e.g., ammonium carbonate) in an acidic solvent of lower alkanecar- 
boxylic acid such as formic acid, acetic acid and propionic acid. In this reaction, when R' or FV is an aromatic hetero- 
cycle, isomers may be produced wherein the 4-position R' and the 5-position R^ are reversed. 

Compound (I) can be also synthesized by the method shown in the following Step 1 8 to Step 21 . 



z 




(XIII) 

wherein X 2 is halogen atom, and R, R 1t R\ R^, R2 and Z are as defined above. 
Steo 18 

Compound (XV) can be synthesized by reacting compound (XIV) with chlorocarbonate such as ethyl chlorocaro- 
nate in an inert solvent such as tetrahydrofuran, toluene and ethyl acetate in the presence of a base such as triethyi- 
amine, or by heating compound (XIV) in acetic anhydride. 

Step 19 

Compound (XVII) can be synthesized by reacting compound (XV) with compound (XVI) or an acid anhydride cor- 
responding to compound (XVI) in an inert solvent such as tetrahydrofuran, acetonitrile, ethyl acetate and toluene in the 
presence of magnesium salt such as magnesium chloride and a base such as triethylamine, pyridine and potassium 
carbonate. Compound (XVII) can be also synthesized by the method described in Chem. Ben, 102: 883-898 (1969). 

Ste p 20 

Compound (XVIII) can be synthesized by treating compound (XVII) with an add such as 1N-4N hydrochloric acid, 
oxalic solid and dilute sulfuric acid in an inert solvent such as tetrahydrofuran, dioxane, methylene chloride and toluene, 
or heating compound (XVII) in the presence of pyridine and acetic acid. 

Step 21 

Compound (I) is obtained by reacting compound (XVIII) with a chlorosulfonylating agent such as chlorosulfonic acid 
in an organic solvent such as chloroform and methylene chloride, or without solvent. Then, the obtained product is 
reacted with aqueous ammonia or alkylamine in an orgnic solvent such as tetrahydrofuran, ether, toluene, methylene 
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chloride and diaxane, or reacted with ammonium salt such as alkyiamine hydrochloride in the presence of a base 6uch 
as sodium acetate, pyridine and sodium hydroxide. 

Compound (I) can he also synthesized from compound (XVIII) by the following Step 22 and Step 23. 

Step 22 

Compound (XIII) can be synthesized by reacting compound (XVIIQ with inorganic acid such as concentrated sulfu- 
ric acid and polyphosphoric acid in acetic anhydride, or without solvent, at room temperature to under heating. 

Step 23 

Compound (I) can be synthesized by reacting compound (XII!) in the same manner as in the aforementioned Step 

15. 

In the above Step 22 and Step 23, alkylsutfonylation or aminosulfonylation in the final Step 23 has been exemplarily 
discussed. It is possible to subject a compound having R and R 1 instead of R' and Rj' to the reaction according to Step 
18 to Step 20, followed by Step 22 to give an oxazole compound (I). In this case, Step 23 is not necessary. 

The compound (I) thus obtained can be isolated and purified by a known method for separation and purification, 
such as concentration, concentration under reduced pressure, solvent extraction, crystal precipitation, recrystallization 
and chromatography. 

The present invention is described in more detail in the following by illustrative Examples and Experimental Exam- 
ples, to which the present invention is not limited. 

Example 1 

Synthesis of 5-(2-chIoro-4-methylsulfonylphenyl)-4-cyclohexyl-2-methyloxazolG (formula (l); R=cyclohexyI, R 1= 2- 
chloro-4-methyl-suH6nylphenyl, R 2 '=methyl, Z=oxygen atom) Step 1) 2-Chloro-4-methylsuHony!benzyl cyclohexyl 
ketone (formula (IV); R=cyclohexyl, R 1 =2-chloro-4-methylsulfonylpheny[) 




To a solution of tetrakis(triphenylphosphine)palladium (1.29 g) and zinc powder (2.19 g) in 1 ,2<limethoxyethane 
(10 ml) was added a solution of cydohexanecarbonyl chloride (3.60 g) in 1 ,2-dimethoxyethane (10 ml) at room temper- 
ature under a nitrogen atmosphere. A solution of 2-chloro-4-methylsuIfonylbenzyl bromide (9.40 g) in 1 ,2-dimethox- 
yethane (20 ml) was gradually added dropwise to the mixture at room temperature with stirring. The mixture was further 
stirred at room temperature for 3 hours. The insoluble matter was removed by filtration and the filtrate was concentrated 
under reduced pressure. Then, ethyl acetate (200 ml) was added to the residue, and the mixture was washed with 1 N 
hydrochloric acid, and then with saturated aqueous sodium hydrogencarbonate solution and saturated brine, and dried 
over anhydrous sodium sulfate. The solvent was evaporated, and ethyl acetate and diisopropyl ether were added. The 
precipitated solid was collected by filtration to give 3.47 g of the title compound as a white solid. 
Step 5) 2-Brorno-2-(2-chloro-4-methylsulfonylphenyO-1-cyclohexyl-1-ethanone (formula (VI); R=cyclohexyl, Rj =2- 
chloro-4-methylsulfonylphenyl, X^bromine atom) 




15 



EP 0 745 596 A1 



To a solution of the compound (3.40 g) obtained in the above Step 1) in benzene (20 ml) was dropwise added a 
solution of bromine (1 .73 g) in benzene (20 ml} with stirring under ice-cooling, and the mixture was stirred for one hour. 
This solution was poured into water and extracted with ethyl acetate. The organic layer was washed with saturated 
aqueous sodium hydrogencarbonate solution and saturated brine, and dried over anhydrous sodium sulfate. The sol- 
vent was evaporated under reduced pressure to give 4.20 g of the title compound. 

Step 6) 1-(2-Chloro^methylsufonylpheriyO^ acetate (formula (V); Rocyclohexyi, R«,»2-chl ro- 

4-methylsulfonylphenyl, R 2 '=methyl 1 Z=oxygen atom) 




Sodium acetate (1.06 g) and ethanol (40 ml) were added to the compound (4.20 g) obtained in the above Step 5). 
The mixture was ref luxed under heating for 4 hours, and the solvent wa6 evaporated under reduced pressure. Ethyl ace- 
tate was added to the residue. The mixture was washed with water and saturated brine, and dried over anhydrous 
sodium sulfate. The solvent was evaporated to give 3.85 g of a crude product of the title compound. 
Step 7) 5-(2-Chloro-4-methylsulfonylphenyl)-4-cyclohexyl-2-methyloxazole (formula (0; Rocyclohexyi, R 1 =2-chloro-4- 
methyisulfonylphenyl, R 2 , =methyl, Z=oxygen atom) 




A solution of the compound (3.85 g) obtained in the above Step 6) and ammonium acetate (2.08 g) in acetic acid 
(40 ml) was ref luxed under heating for 5 hours. The solvent was evaporated under reduced pressure, and ethyl acetate 
was added to the residue. The mixture was washed with water, saturated aqueous sodium hydrogencarbonate solution 
and saturated brine, and dried over anhydrous sodium sulfate. The solvent was evaporated under reduced pressure to 
give 1 .95 g of the title compound (yield 53%). 

Example 2 

Synthesis of 5K4-aminosutfonyl-3-fluorophenyO-4-cyclohexyl-2-methyloxazole (formula (I); R=cyclohexyl, R 1= 4- 
aminosurfonyl-3-fluoropheriyl, R^methyl, Z-oxygen atom) 

Step 10) Cyclohexyl 3-fluorobenzyl ketone (formula (IV); R=cydohexyl, ^ =3-fluorophenyl) 
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Step 10 




To a solution of tetrakis(triphenyIphosphine)pa!ladium (2.00 g) and zinc powder (17.98 g) in 1,2-dimethoxyethane 
(50 ml) was added a solution of cyclohexanecarfoonyl chloride (20.00 g) in 1 ,2-dimethoxyethane (50 ml) at room tem- 
perature under a nitrogen atmosphere. A solution of 3-fluorobenzyl bromide (26.00 g) in 1 ,2-dimethoxyethane (100 ml) 
was gradually added dropwise to the mixture with stirring under ice-cooling. The mixture was stirred under ice-cooling 
for 30 minutes, and at room temperature for 2 hours. The insoluble matter was removed by filtration and the filtrate was 
concentrated under reduced pressure. Then, ethyl acetate (200 ml) was added to the residue, and the mixture was 
washed with 1 N hydrochloric add, and then with saturated aqueous sodium hydrogencarbonate solution and saturated 
brine, and dried over anhydrous sodium sulfate. The solvent was evaporated to give 29.20 g of an oily crude product. 
Step 16) 2-Cyclohexy1-1 -(3-f luorophenyI)-2-oxoethy1 acetate (formula (V); R'=cyclohexyl, R^-fluorophenyl, 
R 2 , =methy1, Z=oxygen atom) 



Lead tetraacetate (75.00 g) was added to a solution of the compound (29.20 g) obtained in the above Step 10) in 
acetic acid (300 ml). The mixture was refluxed under heating for 1.5 hours, and the solvent was evaporated under 
reduced pressure. Ethyl acetate was added to the residue. The mixture was washed with water, a saturated aqueous 
sodium hydrogencarbonate solution and saturated brine, and dried over anhydrous sodium sulfate. The solvent was 
evaporated under reduced pressure, and the residue was purified by silica gel column chromatography (developing sol* 
vent; hexane:ethyt acetate=9:l) to give 18.30 g of the title compound as an oil (yield 50%). 

Step 17) 4-Cyclohexyl-5-(3-fluorophenyl)-2-methyloxazole (formula (XIII); R'=cyclohexyi, R^-fluorophenyl, 
R 2 = methyl, Z=oxygen atom) 



A solution of the compound (18.00 g) obtained in the above Step 16) and ammonium acetate (15.00 g) in acetic 
acid (100 ml) was refluxed under heating for 5 hours, and the solvent was evaporated under reduced pressure. Ethyl 
acetate was added to the residue. The mixture was washed with water, saturated aqueous sodium hydrogencarbonate 
solution and saturated brine, and dried over anhydrous sodium sulfate. The solvent was evaporated under reduced 
pressure to give 17.20 g of an oily crud product. Step 15) 5-(4-Aminosuifonyl-3-fluorophenyl)-4-cyclohexyl-2-methyl- 
oxazole (formula (I); Rocyclohexyl, R^-aminosulfonyl-S-fluorophenyl, R 2 omethyl, Z=oxygen atom) 




Step 
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Step 15 



H 2 NS0 2 




To a solution of the compound (17.00 g) obtained in the above Step 17) in chloroform (80 ml) was added dropwise 
chlorosutfonic acid (27 mf) with stirring under ice-cooling, and the mixture was heated at 1 00°C for 3 hours. The reaction 
mixture was cooled to room temperature, and dropwise added to ice-water (300 ml) with stirring. The organic layer was 
separated, washed with saturated brine, and dried over anhydrous sodium sulfate. The solvent was evaporated under 
reduced pressure to give 20.31 g of a crude product. 

Aqueous ammonia (28%) was added to a solution of the obtained compound (10.00 g) in tetrahydrofuran (40 ml) 
with stirring at room temperature, and the mixture was stirred at room temperature for one hour. The solvent was evap- 
orated under reduced pressure and ethyl acetate was added to the residue. The mixture was washed with water and 
saturated brine, and dried over anhydrous sodium sulfate. The solvent was evaporated, and the residue was separated 
and purified by silica gel column chromatography (developing solvent; dichloromethane:ethyl acetate=6:1) to give 5.74 
g of the title compound (yield 61%). 



The oompound of Example 2 (formula (I); Racyclohexyl, R 1 o4-aminosulfonyl-3-fluorophenyl, R 2 =methyl, Z«oxygen 
atom) was synthesized accordng to another synthetic method. 

Step 1 1) Cyclohexyl 3-fluorobenzyl ketone oxime (formula (XI); R'= cyclohexyl, R^-fluorophenyl) 



To a solution of the compound (353 g) obtained according to a method similar to that of the above Example 2, Step 
10) in ethanol (1300 ml) were added hydroxylamine hydrochloride (123 g) and sodium acetate (158 g). The mixture was 
refluxed under heating for 2 hours, and the solvent was evaporated under reduced pressure. Ethyl acetate was added 
to the residue. The mixture was washed with water, saturated aqueous sodium hydrogencarbonate solution and satu- 
rated brine, and dried over anhydrous sodium sulfate. The solvent was evaporated under reduced pressure, and the 
crude product was recrystaliized from n-heptane to give 160 g of the title compound (yield 42%). 
Step 14) 4-Cyclohexyl-5-(3-fluorophenyl)-2-methyloxazole (formula (XIII); R'-cyclohexyl, R^-3-fluorophenyl, 
R2=methyl, Z=oxygen atom) 



Exa m p l e 2' 




Step. 11 
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5 




10 



Acetic anhydride (95 ml) was dropwise added to a solution of the compound (158 g) obtained in the above Step 1 1) 
in acetic add (900 ml) with stirring at room temperature, and the mixture was refluxed under heating lor 7 hours. The 
is solvent was evaporated under reduced pressure and n-heptane was added to the residue. The mixture was washed 
with water, saturated aqueous sodium hydrogencarbonate solution, saturated brine and acetonitrile. The solvent was 
evaporated under reduced pressure to give 1 19 g of the title compound as an oil. 

Then, the obtained compound (1 1 9 g) was reacted in the same manner as in the above Example 2, Step 1 5] to give 
a compound of Example 2 (formula (I); R=cyclohexyl, R 1 =4-aminosuIfbnyl-3-f luorophenyl, R2=methyl, Z=oxygen atom). 

20 

Example 3 

Synthesis of 4-cyclohexyl-5-(3-fluoro-4-methYlsulfonylphenyl)-2-methyloxa2ole (formula (I); R=cyclohexyl, R 1= 3- 
fluoro-4-methylsuHonylphenyl f R 2 =methyl, Z=oxygen atom) 
25 Step 15) 4-Cydohex^-5-(3-fluoro-4^ethylsulfonylphenyl)-2-methyloxazole (formula (I); R«cyclohexy1, R^-fluoro-4- 
methylsulfonylphenyl, R 2 =methyl, Z=oxygen atom) 



30 



35 




40 To a solution of the compound (1 7.00 g) obtained in the above Example 2, Step 1 7) in chloroform (80 ml) was drop- 
wise added chlorosulfonic add (27 ml) with stirring under ice-coding. The mixture was heated at 100°C for 3 hours. The 
reaction mixture was cooled to room temperature and dropwise added to ice-water (300 ml) with stirring. The organic 
layer was separated, washed with saturated brine, and dried over anhydrous sodium sulfate. The solvent was evapo- 
rated under reduced pressure to give 20.31 g of a crude product. 

45 Water (25 ml) was added to the obtained compound (3.66 g). To the mixture were added sodium sulfite (1.42 g) 
and sodium hydrogencarbonate (1.89 g) successively with stirring at room temperature. The mixture was heated at 
70°C for 2 hours. Ethanol (25 ml) and methyl iodide (2.20 g) were added to the mixture, and the mixture was heated at 
100°C for 2 hours. The mixture was cooled to room temperature and extracted with ethyl acetate. The extract was 
washed with saturated brine and dried over anhydrous sodium sulfate. 

so The solvent was evaporated under reduced pressure, and the residue was saparated and purified by silica gel col- 
umn chromatography (developing solvent; hexane:ethyl acetateo2:1) to give 0.82 g of the title compound (yield 24%). 

Examples 4-6 

55 The compounds of Examples 4-6 were obtained in the same manner as in Examples 1 -3 or Example 7 to be men- 
tioned below. 

The structures and properties of the compounds of Examples 1 -6 are shown in th following Tables. In the Tables, 
Me means methyl. 
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Elera. analysis 
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Found 
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Elenu analysis 


Calculated 

C 54.16% 
H 5.40% 
N 7.89% 
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Example 7 

Synthesis of 5-(4-amin<»ulfonyl-3-fluorophenyf)^-(4-fluorophenyl)-2-methyIoxazole (formula (I); R=4-fluorophenyl, 
R 1 =4-aminosuHbnyl-3-fluorophenyl t R 2 =methy1, Z=oxygen atom) 



to 



15 




A solution of 5-(3-f luorophenyl)-4-(4-fluoropherryl)*2-methylOQ(azole (1.10 g) obtained by the method as mentioned 
20 above and chlorosulfonic acid (1 .6 ml) in chloroform (2 ml) was heated with stirring at 90°C for 2 hours. The reaction 
mixture was poured into ice-water and extracted with chloroform. The organic layer was washed with water and satu- 
rated brine, dried over anhydrous magnesium sulfate, and concentrated to give 1 .06 g of a crude product of 5-(4-chlo- 
rosulfonyi-3-fIuorophenyl)-4-(4-fluorophenyl)-2-methyloxa20le. 

To a solution of this crude product (1.06 g) in tetrahydrofuran (6 ml) was added 28% aqueous ammonia (0.6 ml) 
25 and the mixture was stirred at room temperature tor 2 hours. Hie reaction mixture was concentrated, added with ethyl 
acetate, and washed with water and saturated brine. The ethyl acetate solution was dried over anhydrous magnesium 
sulfate, and concentrated to give 981 mg of a crude product. This crude product was recrystallized from ethanol to give 
629 mg of the title compound (yield 44%). The structure and properties of this compound are shown in the following 
Table. 
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Example 2" 

The compound of Example 2 (formula (I); R=cyclohexyl, R^^aminosuHonyi-S-fluorophenyl, R 2 =methyl, Z=oxygen 
atom) was synthesized according to another synthetic method. 
Step 18) 4-Cydohexyl-2-methyl-5-oxazolone (formula (XV); R'=cyclohexyl, R2=methyl) 




Triethylamine (8.39 ml) was added to a suspension of DL-N-acetyl-2-cydohexylglycine (10.00 g) obtained from a- 
aminophenylacetic acid according to a known method [Collect. Czeck. Chem. Commun., 31 : 4563 (1996)] in ethyl ace- 
tate (50 ml). Ethyl chlorocarbonate (5.28 ml) was dropwise added to the mixture under ice-cooling. The mixture was 
stirred under ice-cooling for one hour, added with ethyl acetate (150 ml), and washed successively with water and sat- 
urated brine. The ethyl acetate solution was concentrated under reduced pressure to give 9.86 g of the title compound 
as an oil. 

Step 19) 4-Cyclohexyl-4-(3-fluorobenzoyI)-2-methyl-5-oxazolone (formula (XVII); R'*cyclohexyl, R-i =3-fluorophenyl. 
R2=methyl, Z= oxygen atom) 




A solution of the compound (9.86 g) obtained in the above Step 18) in tetrahydrofuran (15 ml) was added to a sus- 
pension of magnesium chloride (3.56 g) in tetrahydrofuran (20 ml). Triethylamine (9.49 ml) was added with stirring 
under ice-cooling, and the mixture was stirred for 15 minutes. 3-Fluorobenzoyl chloride (4.55 ml) was dropwise added 
to the mixture, and the mixture was stirred under ice-cooling for one hour. The reaction mixture was diluted with ethyl 
acetate, washed with water, and dried over anhydrous sodium sulfate. The solvent was evaporated under reduced pres- 
sure to give 1 1 .69 g of the title compound as an oil. 

Step 20) 2-N-Acetyiamino-2-cyclohexyl-3 ,j fluoroacetophenone (formula (XVIII); R' «cydohaxyl, R^sS-fluorophenyl, 
R2=methyl, Z=oxygen atom) 



F 
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To a solution of the compound (527 mg) obtained in the above Step 19) in tetrahydrofuran (3.5 ml) was added 1 N 
hydrochloric acid (0.35 ml). The mixture was stirred at room temperature for one hour, added with ethyl acetate, and 
washed successively with water, saturated aqueous sodium hydrogencarbonate solution and saturated brine. The 
organic layer was dried over anhydr us sodium sulfate, and the solvent was evaporated under reduced pressure to give 
404 mg of the title compound as a solid (yield 84%). The solid was recrystallized from n-heptan to give white crystals, 
melting point 116-117°C. Step 21) 5-(4-AminosuHbnyl-3-fluorophenyl)-4-cyclohexyl-2-methyloxazol (formula (I); 
R=cyclohexyl, R 1 =4-aminosulfonyl-3-fIuorophenyl, F^methyl, Z*=oxygen atom) 




Chlorosulfonic acid (0.34 ml) was added to a solution of the compound (200 mg) obtained in the above Step 20) in 
chloroform (2 ml) with stirring under ice-cooling, and the mixture was refluxed under heating for 5 hours. The reaction 
mixture was diluted with chloroform and poured into ice-water. The organic layer was separated, washed successively 
with water and saturated brine, and dried over anhydrous sodium sulfate. The solvent was evaporated under reduced 
pressure to give 181 mg of a crude product: 

To a solution of the obtained compound (1 69 mg) in tetrahydrofuran (2 ml) was added 28% aqueous ammonia (0.1 
ml) with stirring at room temperature, and the mixture was stirred for 30 minutes. The solvent was evaporated under 
reduced pressure. Ethyl acetate was added to the residue, and the mixture was washed successively with water and 
saturated brine, which was followed by drying over anhydrous sodium sulfate. The solvent was evaporated, and the res- 
idue was separated and purified by silica gel column chromatography (developing solvent; dichloromethane:ethyl ace- 
tate- 6:1) to give 126 mg of the title compound (yield 55%). 

Example 2 m 

The compound of Example 2 (formula (I); R=cyclohexyl, R^-aminosulfonyl-S-fluorophenyl, F^methyl, Z=oxygen 
atom) was synthesized according to another synthetic method. 

Step 22) 4-Cyclohexyl-5-(3-fluorophenyl)-2-methyloxazole (formula (XIII); R'=cyclohexyl, R^-fluorophenyl, 
R2= methyl) 




Concentrated sulfuric acid (30 ul) was added to a suspension of the compound (141 mg) obtained in the above 
Example, Step 20) in acetic anhydride (2 ml), and the mixture was stirred at 1 00°C for 30 minutes. The reaction mixture 
was concentrated under reduced pressure, added with aqueous potassium carbonate solution, and extracted with ethyl 
acetate. The organic layer was washed with water and dried over anhydrous sodium sulfate. The solvent was evapo- 
rated under reduced pressure to give 135 mg of the title compound as an oil. 

Step 23) 5-(4-AminosuIfbnyl-3-fluorophenyO-4-cyclohexyl-2-methyIoxaz le (formula (I); R=cyclohexyl, R 1 =4-aminosul- 
fonyl-3-fluorophenyl. R 2 = methyl, Z=oxygen atom) 
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Step li F. 



H 2 NS0 2 




In the same manner as in the above Example 2, Step 15), the compound obtained in the above Step 22) was 
reacted to give the compound of Example 2 (formula (I); R=cydohexyl f R^aminosulfonyl-3-fluorophenyl, R 2 =methyt ( 
Z= oxygen atom). 

Experimenta l Example 1 (inhibitory action on cyclooxygenase) 

The enzymatic activity was determined from the percent conversion of 14 C arachidonic acid into prostaglandin H2 
(PGHg) and the decomposed product thereof. That is, a test sample (20 of), an enzyme solution (20 pJ) and distilled 
water (10 jJ) were added to 100 mM Tris-HCI buffer (pH 8, 140 containing hematin (2 \M) and tryptophan (5 mM), 
and the mixture was thoroughly stirred, which was followed by preincubation at 24°C for 5 minutes. Then, a 14 C arachi- 
donic acid solution (10 jii) was added and the mixture was reacted at 24°C, whereafter a solution (40 jd) of ethyl 
ether/methanol/1M citric acid (30/4/1) ice-cooled to -20°C was added to stop the reaction. The reaction mixture was 
centrif uged for 5 minutes at 3,000 rpm to give an ether layer which was placed on a thin plate, and developed with ethyl 
ether/methanol/acetic acid (90/2/0.1) to determine percent conversion (A) from arachidonic acid to PGH 2 and the 
decomposed product thereof. The percent conversion (B) without a test sample was also determined, based on which 
percent inhibition was calculated from the following formula, and a concentration (IC50) necessary for 50% inhibition of 
the test sample was determined. 



An enzyme prepared from human platelets was used as an enzyme solution of cyclooxygenase- 1 , and an enzyme 
expressed by a yeast, into which cDNA of human cyclooxygenase-2 had been introduced using a kit of Invitrogen Corp., 
was used as an enzyme solution of cyclooxygenase-2. As used herein, control compound 1 was 5-(4-aminosulfbny1- 
phenyI)-4-cyclohexyi-2-methyloxazole, a patent application to which has been previously filed by us, and control com- 
pound 2 was a known analogous compound, 5-(4-aminosulfonylphenyO-4-(4-fluorophenyO-2-methylQxazole. 

The results are shown in Table 4. 

As is evident from the comparison of control compound 1 and the compound of Example 2, as well as control com- 
pound 2 and the compound of Example 7, a remarkable reduction of the action on COX-1 while retaining the activity on 
COX-2 has become possible particularly by introducing fluorine atom. 



Inhibition (%) = (1 - A/B) x 100 
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Table 4 ; Experimental Example 1 (inhibitory action on cyclooxygenase) 



Example 


Structural 
formula 


ICa (ftM) 


COX-l/COX-2 


COX-2 


COX-1 


2 




0. 0 7 


>1 0 0 


>1, 4 2 8 


3 




0. 3 


>1 0 0 


>33 3 


4 




>1 0 






5 




>1 0 






6 




0. 1 6 


>1 0 0 


>6 2 5 


7 




0. 03 


3 7 


1, 233 


Indomethacin 




8 


0. 5 


0.063 


Control 1 


> 


0. 07 - 


4 5 


6 4 3 


Control 2 


> 


0. 02 


5 


2 5 0 



Experimental Example 2 (effects on canrageenin-induced podedema) 

Carrageenin (1%, 0.05 ml) dissolved in physiological saline was subcutaneously injected to the left hindlimb of 
male Donryu rats to induce podedema. The degree of podedema was evaluated by measuring the volume of the limb 
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3 hours after carrageenin administration. A test compound (1, 3, 10 or 30 mg/kg) was orally administered one hour 
before carrageenin administration, and suppression thereby was studied. Inhibitory activity was expressed by the dose 
(ED 30 ) of the test compound necessary for inhibiting by 30% relative to the control group. The results are shown in Table 
5. 

5 



Table 5 



Experimental Example 2 (effects on 
carrageenin-induced podedema in 
rats) 


Example 


carrageenin- 
induced pode- 
dema in rats, ED 30 
(mg/kg p.o.) 


2 


5.5 


indomethacin 


2.9 



20 

Industrial Applicability 

The compound of the present invention, in particular, a compound wherein R 3 is methyl or amino, R 5 is fluorine 
25 atom, R 6 is hydrogen atom or fluorine atom, and R 4 and R 7 are hydrogen atom, and pharmaceutical^ acceptable salts 
thereof surprisingly selectively inhibit COX-2 alone, while scarcely inhibiting COX-1. Accordingly, the compound of the 
present invention possesses superior antipyretic action, analgesic action and anti-inflammatory action that the conven- 
tional products cannot afford, and scarcely show side-effects in the digestive tract. 

Consequently, the development of a superior anti-inflammatory agent heretofor not existed has been enabled, 
30 which in turn produces great expectation of the provision of a practical therapeutic agent for the diseases possibly 
caused by COX-2 product, such as asthma and rheumatism. 

Claims 

35 1 . A heterocyclic aromatic oxazole compound of the formula (I) 



R N 



40 




wherein 

45 

Z is an oxygen atom; 
one of R and R-i is a group of the formula 



R» 



55 




Re 
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wherein R 3 is lower alky!, amino or lower aJkylamino, and R 4 , R 5 , Re and R 7 are the same or different and 
each is hydrogen atom, halogen atom, lower alkyl, lower aJkoxy, trrfluorcmethyl, hydroxy or amino, provided that at 
least one of R 4 , R 5 , R 6 and R 7 is not hydrogen atom, and the other is optionally substituted cydoalkyl, optionally 
substituted heterocyclic group or optionally substituted aryl; and 

5 

R2 is a lower alkyl or a halogenated lower alkyl, or a pharmaceutically acceptable salt thereof. 
2. The heterocyclic aromatic oxazole compound of Claim 1 , wherein R 1 is a group of the formula 



10 



15 




20 

wherein R 3 ' is lower alkyl or amino, at least one of R 4 \ R 5 ', Re' and R 7 ' is halogen atom or lower alkyl and the rest 
is hydrogen atom or halogen atom, or a pharmaceutically acceptable salt thereof. 

3. The heterocyclic aromatic oxazole compound of Claim 1 , wherein R 1 is a group of the formula 

25 



30 




wherein R3" is methyl or amino, R5" is fluorine atom and Re" is hydrogen atom or fluorine atom, and R 2 is methyl, 
35 or a pharmaceutically acceptable salt thereof. 

4. The heterocyclic aromatic oxazole compound of Claim 1 , wherein R 1 is a group of the formula 



40 



45 




wherein R3", Rs" and Re" are as defined in Claim 3; R is optionally substituted cydoalkyl having 5 to 7 carbon 
atoms, optionally substituted thienyl, optionally substituted furyl, optionally substituted pyrrolyl, optionally substi- 
so tuted morpholino, optionally substituted piperazinyl, optionally substituted piperidyl, optionally substituted phenyl, 
optionally substituted naphthyl or optionally substituted biphenyl, and R 2 is methyl, or a pharmaceutically accepta- 
ble salt thereof. 



5. The heterocyclic aromatic oxazole compound of Claim 4, wherein R 3 " is amino, or a pharmaceutically acceptable 
55 salt thereof. 

6. The heterocyclic aromatic oxazole compound of Claim 4, wherein R is optionally substituted cydoalkyl having 5 to 
7 carbon at ms, optionally substituted phenyl r optionally substituted thienyl, or a pharmaceutically acceptable 
salt thereof. 
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7. The heterocyclic aromatic axazole compound of Claim 4, wherein R is cyclohexyl or 4-ftuorophenyl, and R 1 is 4- 
aminosuHbnyl-3-fluorophenyl, 4-aminosuHonyl-3,5-difluorophenyl p 3-fluoro-4-methyisuHonylphenyl or 3,5-cflfluoro- 

4- methylsutfonylphenyl, or a pharmaceutical^ acceptable salt thereof. 

8. The heterocyclic aromatic oxazole compound of Claim 1 , which is selected from the group consisting of: 
4<yclohexyl-5^3-fluoro^-methyl6ulfonylphenyl)-2-methylaxazole f 

5- {4-aminosulfonyl-3-fluorophenyl)-4-cyclohe)yl-2-methylQxazole, 
S-^-aminosulfonyl-S.S-difluorophenylJ-^yclohexyl-a-methyloxazole, 
4<yclohexyl-5K3,5<lifluoro^me^sulfbnylphen^)-2-metr^oxazole, 
and 

5-(4-aminosulfonyl-3-fluorophenyl)-4-(4-fluorophenyl)-2-methyIO)(azole i 
or a pharmaceutical^ acceptable salt thereof. 

9. An oxime compound of the following formula (X0 




(XI') 



R" 

wherein FV is 




Re 



wherein R 4 , Rg. R 6 and R 7 are as defined in Claim 1 , and R" is optionally substituted cycloalkyl or optionally sub- 
stituted aryl. 

10. The oxime compound of Claim 9 wherein R^ is 3-fluorophenyl or 3,5-difluorophenyl, and R" is cyclohexyl or 4- 
fluorophenyi. 

1 1 . A ketone compound of the following formula ((V") 

0 

^J^^^Ri" (IV") 

R" 

wherein R.," and R" are respectively as defined in Claim 9. 

1 2. The ketone compound of Claim 1 1 , wherein Rt" is 3-fluorophenyl or 3,5-difluorophenyl, and R" is cyclohexyl or 4- 
fluorophenyl. 
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13. A ketomethylene compound of the following formula (IV") 

0 



(IV" f ) 



wherein R'" is an optionally substituted cycloalkyl having 5 to 7 carbon atoms, an optionally substituted phenyl or 
an optionally substituted thienyl, and FV is a group of the formula 




IV-SOt 



wherein R 3 \ R 4 \ R 5 \ Re' and R 7 ' are as defined in Claim 2. 

14, The ketomethylene compound of Claim 13, wherein R"' is cyclohexyl, and R^' is 4-aminosulfonyl-3-fluorophenyl, 
4-aminosuHonyl-3,5<Jffluorophenyl i 3-fluorO'4Hnethylsulfonylphenyl or 3,5-difluoro-4-methylsulfonylphenyl. 

15- An ester compound of the following formula (V) 

0 

R 

(V) 




wherein R, R t , R 2 and Z are as defined in Claim 1 . 

16. The ester compound of Claim 15, wherein R is cycloalkyl and R 2 is lower alky!. 

17. An amide compound of the following formula (XVIII') 

z 




(XVIIT) 



wherein R^ and R" are respectively as defined in Claim 9, and Z and R 2 are as defined in Claim 1. 

18, The amide compound of Claim 17, wherein R^' is 3-fluorophenyl or 3,5-difluorophenyl, R" is cyclohexyl or 4-fIuor- 
ophenyl, and R 2 is low r alkyl- 
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19. A pharmaceutical composition comprising a pharmaceutical^ acceptable carrier, and a heterocyclic aromatic oxa- 
zole compound of Claim 1 or a pharmaceutical^ acceptable salt thereof. 

20. A cydooxygenase-2 inhibitor comprising a pharmac utically acceptabl carrier, and a heterocyclic aromatic xa- 
zole compound of Claim 1 or a pharmaceutically acceptable salt thereof as an active ingredient 

21. An anti-inflammatory agent comprising a pharmaceutically acceptable carrier, and a heterocyclic aromatic oxazole 
compound of Claim 1 or a pharmaceutically acceptable salt thereof as an active ingredient. 



32 



EP 0 745 596 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP95/02600 



7 CLASSIFICATION OF SUBJECT MATTER Int. Cl° C07D263/32 f C07D413/04, 

A^lT/fll C07D^7/333, 265/30, 295/10, 307/46, 333/22, 
C07C251/48, 49/782, 49/792, 49/813, 317/14, 311/16, 311/29, 

According to Inte raitional Pttent Classification (IPQ or to both national clarification and IPC 233/61, 233/76 

a FIELDS SEARCHED 

Miwmumdoeumenutmn search Cl b ^SZ 1 ??^ 3 ^ 32 ' 

C07D413/04, A61K31/42, C07D207/333, 265/30, 295/10, 307/46, 
333/22, C07C251/48, 49/782, 49/792, 49/813, 317/14, 311/16, 



Documentation searched other than minimum documeoutioo to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
CAS ONLINE 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to daim No. 


A 


WO, 94/27980, Al (P. D. SEARLE & Co.), 
December 8, 1994 (08. 12. 94) 
& US, 5380738, A 


1-21 


X 


US, 4782058, A (Pennwalt Corporation), 
November 1, 1988 (01. 11, 88), 

Particularly refer to pages 8, 5 (Family: none) 


9, 11 


X 


JP, 62-138485, A (ClBA-Geigy AG. ) , 
June 22, 1987 (22. 06. 87) , 

Particularly refer to compound of formula (m) 
& EP, 225290, A & US, 4849007, A 


11 


X 


JP, 59-155365, A (Shionogi & Co., Ltd.), 
September 4, 19 84 (04. 09. 84), 
Particularly refer to page 3 
& EP, 117578, A & GB, 2136800, A 


11 


X 


J. Org. Chem., Vol. 43, No. 15, (1978) 

Paul D. Seemuch, et al. "a-Hatero-Substituted 

Phosphonate Carbanions. 7. Synthesis of Deoxy 


11 



X] Further documents are listed in the continuation of Box C. Q See patent family annex. 



Special categories ef etted < 
A" docu swot defining the ge»eraJ state of the an which is not considered 

to be of particular rdovanoa 
**E" eatlief document bmpuMtsbed no or after the lotematiooal Wing dale 
"L" docusevt which say throw doubts on priority daises) or which is 
r-it*A to establish the p a bi (cation data ef another dfattoa or other 
special rassoa (as specified) 
"O" docusoert referring to aa oral disdosuie, use, axaiUttoa or ether 
means 

"P" document published prior Co the international filing date but later than 
the priority date claimed 



T Ulerdoounem published after the in tematioiialGli 

daw aad eot in conflict with the application but died to understood 
the principle or theory underlying the isventioo 

"X* document of particular relevance; the dsimed invention caanot he 
coasidered novel or cannot be considered to involve an inventive 
stop when the document is taken alone 

*"Y** decumeat of particular relevaace; the d aimed invention cannot he 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such c 
being obvious to a person skilled in the art 

**&** docuxieat member of the same patent family 



Date of the actual completion of the international search 
March 6, 1996 (06. 03. 96) 


Date of mailing of the international search report 
April 2, 1996 (02. 04. 96) 


Name and maiitng address of the ISA/ 

Japanese Pat nt Office 
Facsimile No. 


Authorized officer 
Telephone No. 



Form PCTASA/210 (second sheet) (July 1992) 



33 



EP 0 745 596 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP95/02600 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Gtstion of document, with indication, where appropoete, of the relevant passages 



Relevant to claim No. 



benzoins and Benzo (b) furahs" p. 3063-3065 
particularly refer to compound of (3) 

J. Org, Chera., Vol, 53, No, 24, (1988) 
Scott C. Berk, et al. "General approach to 
highly functionalized benzylic organonetallics 
of zinc and copper" p, 5789-5791 particularly 
refer to page 5790 

J. Am. Cheirw Soc, Vol, 115, No. 8 (1993) 
Taehee Noh et al. "Photochemistry of a-(-Tolyl) 
acetone and some derivatives; Triplet 
a-cleavage and singlet 6 -hydrogen abstraction" 
p. 3105-3110 particularly refer to page 3106 



11 



11 



Form PCT/lSA/210 (conunuatioa of second sheet) (July 1992) 



34 



